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ConversiorfFactors

1 cubicfoot (Cfs) = 7.48 Gallons
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1 cubicfoot per second = 448 gallons per minute

1 acre foot = a volume of one acre surface area to a depth 1 foot

1 acre foot=325,851 gallons

1 cubicfoot per second x 24 hrs = 1.83 acre feet
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AF Acre Foot

CFS Cubic Foot per Second
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ET Evapotranspiration
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NRCS Natural Resources and Conservation Service
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SCS Soil Conservation Service
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| ntroduction

This reportcharacterize the surface water hydrology and alesserextent the hydrogeology
of the Teton Rivewatershed. Beneficial water use within the watershedludes: agriculture,
stock, fish and wildlifeand domesticand municipause Mostyears flows arenot sufficient to
meet all of these demands. Montana Fish, Wildlife and Parks (FWP) identifid@tibeRiver
andsome ofits major tributaries as chroniclly dewatered (MFWP1991). In additionreaches
of the TetonRiver ardisted as not fully supporting agriculture, aquatic life and recreational
uses (MDEQ, 20)4esulting in inclusion on th€otal Maximum Daily Load DL 303(d) list.

Surfacewater flowin the Teton River watershed vasby reach in response toatural inflow,
yearround diversons, return flow and general losses and gains from groundwageveral

miles of the river arary yearround abovethe Cityof Choteauduring most yarsas a result of
irrigation diversions and losses to groundwatddownstreamthe Teton River begins to flow
againnear Choteauas itgains from groundwater; the river typically flows year round between

the municipalitiesof Choteau and DuttonBelow Dutbn, irrigation demands and losses to
groundwater regularly dry ughe river nearits mouth during thdate summer and fall months.
During the study water flowed for the entire length of Teton on two occasions in 2008 and 2011
under well above average watsupply conditions.

Water rights in the Tein watershed date back to 1874 and thest relable rights on the river

havea priority date older than 1900Water rightconflicsdatebad G2 GKS SI NI & wmdn
resultingin the 1905 Perry v Beattie decra@d a water commissiondor 25 water uses

upstream fromChoteau. The over appropriation of water in the Teton Watershed prompted

the Montana Legislatur® closethe watershed to additional appropriation of surfaeeter

and grounavater (with exceptions) in 1993.

TheTeton Watershed studwas completed by the Department of Natural Resources and
Conservation (NRC) at the requst of the Teton Watershed groupunding for the study was
supplied in part by a grant fronné Teton County Conservation Distritke study spanned five
years (2008012 in an effort to capture normal, above average, and below average water
years. Gaging of select streasin the Choteau areaontinues by request to support water
management. Data from these additional efforts alsopresentedin this report

Thisreport is available onlinéhrough the INRCWater Management Bureaweb page
http://dnrc.mt.gov/divisions/water/management All streamflowdata associated with the
report and active gaging is availabla the Montana Bureau of Mines and Geology/DNRC
Surface Water Assessnteand Monitoring Program web padnttp://www.mbmg.mtech.edu/.
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Goals & Objectives
Thegoal of this study is toamprove the knowledge and understanding of thater supply and

demands in the watershed as well as the effects of dewatering the fMer.information
gatheredcouldprovide a first step toward developintpcal solutions to water related
problems

The specific objectives of this project are 1) characterize the surface water hydrology of the
Teton River and its tributaries, ajinvestigate impacts of dewatering the shallow
groundwater aquifers.

Project Area

Physiography

The study focused on th&etonRiver and major tributaries fromsi confluencewith the Marias
Riverupstream tothe confluence of the North and South Forksha Teton, a reach of about
183 miles.

The headwater®f the Teton Riveoriginatein the Sawtooth Range of the Rocky Mountains
alongthe east side of the Continental DividEhe river flowsgyenerally to the east wire it joins
the Marias Rigr at the Dwn of Loma, MontanaMajor Tributaries to theleton River include
the South Forland North Forkof the Teton River, Deep CreeipringCreek, McDonald Creek,
Willow CreekandMuddy Creek.

The TetorRiver igoredominantly fed bysnowmeltand rain during the spring and early summer
months. River flows during the rest of the year are sustained by groundwater inflow and
periodic runoff félowing rainfall events

The Teton River atershedspansapproximdely 2,047-square mils in Teton, Chouteau and
Pondera Countiefigure 1). Elevations range from the 9,352 foot Rocky Mountain in the
headwaters, to a low of 2,600 feet at tlw®nfluence of the Marias Rivekpproximately 89
percent of the waershed is located in the prairiith the remaining 11 percent in the
mountainous headwaters

With the exception of the forested headwatersetwatershedis primarily private land used for
hay production, irrigated pasturand livestock grazingdrrigation (primarily flood) occurs
throughout the watershed ompproximately76,800 acres of land.
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Figure 1: TetonWatershedocation map.




Climate
Average anunal precipitation(including snowyanges from 11nches in the lower elevains of

the watershed to over 4éches at the highest elevatior{sigure 2; Daly and Taylor, 1998
Approximately 89 percent of the watershédrairie) receiveson averagel2inches of
precipitation annuallywhile the mountainous areas receive an average of 17.6 intless
than 10 percent of the watershed (the mountainous areas that receive 20 irwhesre of
precipitation) is responsible for the majority of water productidrhe arerage annual
temperature for the watershed is 43 degrees Fahrenheit, with d&8ving days.

Teton Watershed Annual Precipitation

Mean Annual Percipitation (Inches)
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Figure 2: Precipitation map of th&etonWatershed.

Average monthly mcipitation in the prairie portion of the watershed is represented by data
from the Choteauand Grter, National Weather Service (NWS) Cooperative obseneather
stations, (Figure3) (Western Regional Climate Centétlp//www.wrcc.dri.edyl The wettest
months in theprairie are May and Junélhundestorms inJuly and August can add significant
moisture. Because of the senarid nature of the prairie, irrigation is used to supplement the
natural precipitation and increase crop production.
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Figure 3: Precipitation recorded at Choteaund Carter Montana.
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Geology

The Teton River originates in the complefaulted and folded sedimentary ragkf the Rocky
Mountain Front. In contrast, the eastetwo-thirds of the Teton drainage is underlain by
relatively flatlying Cretaceousige mudstones and sandstones that are deformed by the
Sweetgrass Arch, a broadca extending from the Little Belt Mountains into southern Alberta
(Figured).

The bedrock geology of the mountainous headwaters of the Teton RivéViasssippiarage

(345 million years before presentparine limestoneand dolomite of the Madison Group and
Cretaceousage 64 million years before presenthudstone andsandstone rockscluding the

Two Medicine through Kootenai formations. These rocks were deposited in shallow marine and
norrmarine environments alwg the margin of a forelandasin.

These rocksire highly disturbedand arecommonly referred toasthe Lewis Overthrust or
Disturbed BeltTectonic activity caused mountain building and resultethenpresent day
rugged Sawtooth range of the Rocky Mountains.



Figure 4 Geology of the Teton Watershed
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Thegeology of the plainbetween theRocky Mountain Front and th&etonconfluenceis
primarily composed of Cretaceog&dimentary rocks of the Two Medicinéirgelle and
TelegraphCreek Formatios and the Kevin Member of the Marias River Formatibmeseflat
layingCretaceousaged sedimentary rocks areimarily sandstones and shales visible on buttes
and incisedreas near streams and riveBerg(2008 and Vuke and tBers (2002).

Thesurficial geology of the plains reflects Quatary glacial activity. Glaciallf glacialake,and
outwash deposits are psent nearChoteauPatton (1990) A piedmont glacial morainean be
seen along the Teton River near the Roklguntain FrontNimick and Other§1983) Glacial il
deposits are present throughout plains of thewsas Teton River below ChoteaBerg(2008
and Vuke and other€002). Glacial geology of the Pine Butte area near the Rockyt®#aun
Front has been disssedoy Riechmuth(1981), Nimck and Ghers (1983, and Wylie(1991).
Glacial geology of the Burton Bench and Choteau aneabeen discussed by Pattqa990.

Thefloodplainareas of theTeton River, Deep Creek, Muddy Creek, &pdng Creek are
composed of Holocene and Pleistocesgedvalleydeposts Berg(2008 and Vuke and others
(2002).

Hydrog eology
Alluvium and glacial deposits are generally unconfined and are recharged by diéeition

of precipitation,seepagéfrom streams/rivers)eakage from irrigation itthes,irrigated fields,
and irrigation return flav. Aquifer discharge icludes diversion to welldaseflowdischarge to
surface water, seepage to springs, evapotranspiration, and subsurface underflow to other
aquifers or basins. Recharge to bedrock aquifers is priyndeitived from seepage from
streams, infiltration of precipitation, snowmelt in topographilyahigh outcrop areas, and
leakage through confining units. On a regional scale, potentiometric surface mapping shows
that groundwater in the bedrock oftehas a hydraulic connectionith valleyaquifers and
discharge in topographically lower areas by upiveeakage tshallower aquifers and streams
Smith and Othesy (2000).

The disturbed belt and headwaters of the Teton River watershed is whaobtlur{tt985) refers
to as a faulsevered basin boundary. Stdgglipping thrust faults sever the hydraulic
continuity of bedrock aquifers thereby limiting groundwater recharge grmlindwaterflow

1 Seepage is defined as the slowloss of a liquid through a porous medium, for this report siethegmss of
surface water through the river bed or ditch to ground water.
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eastward from the mountainsBedrock aquifers are considered to be in dynamic equilibrium
with recharge equal to underflow out ¢ifie bedrock

Previous Investigations

At the outset of the study akvailable data, literatureand maps related to the hydrology of the
basin were compiled and reviewedll existing and historic streamflowdata wereretrieved
from the United State Geological SurvdyJGHENWISdatabaseThe USGS currently maintains
three streamflowgages in the atershed:

1 06102500Teton River blow the South Fork Confluence

1 06108000Teton River near Dutton

1 06108800Teton River at Loma

Historical but discontinuedJSGS gages in tiatershed are:
1 06103000Teton River at Strabane
06104500Teton River near Choteau
06108500Teton River near Fort Benton
06103500McDonald(Spring)Creek near Strabane
06104000McDonald(Spring)Creek near Choteau
06105000Deep Creek at Fraz&anch near Choteau
06106000Deep Creek near Choteau
061055@ Willow Creek near Choteau
06106500Muddy Creek near Bynum
06107000North Forth Muddy Greknear Bynum
06107500Muddy Creek near Agawam

= =4 =4 -4 -4 -5 45 -5 -4 2

TheState Engineers Offica,predecessor of the DNRC Water Resources Divisientoried
land and water usef Teton,Chouteay and PonderaCounties in the respectively published
1962 and 1964 Water Resource Survélisehistory of land and water use @etailed in these
documents. This information is taken from county courthouse records includind
ownership, water right decrees and appration, articles of incorporation of ditch companies
and other documents regarding the distribution and use of water.

The USGS has estimatedter use inMontana, Canon and Johnsqgi2004) on a county and

watershed basis Theestimateduses includerrigation, domesticmunicipal,and reservoir
evaporation.

12



The Teton Watershed has been the focus of regulatory studies by multiple state and federal
government entities, these studies and listings include:

1 Montana Fish, Wildlife and Parks (FWP) iderdifiee TetonRiver and its major
tributaries aschronically dewatered in 1991 MFWEP9Q1).

1 TheMontana Department of Environmental Quality (DH&ed the Teton River and
tributaries as impaired fotow flow alterations water quality, and temperaturein the
2014303(d)listMDEQ (R14). The major cause of impairment waentified as flow
alteration.

1 The United States Environmental Protection Agency (EPA) compl&&dest Quality
Management Plaand Total Maximum Daily Loa@lBMDLS) for the Teton River
WatershedUuS EPA2003).

1 The State of Montanalassified the Teton Riverto three different standards: B, B2
andBo® ! ff GKNBS &aidl yRINRa Ay isSigRfor 2 NJ 0 KS 41|
drinking, culinaryand food processing purposes after conventional treatment; bathing,
swimming and recreation, waterfowlfurbearers,agricultural and industrial water
& dzLJLFighéries and associated aquatic life classifications aly¥ G INB g K | yR
LINRE LY 3 GA2Y -BFS ak YIVYRFAWRES 0INRSGK £l YHYR LINR LI :
FYR a3INRgGOK |y R-ALNPINVD (NEnfayCode ARMy1Z.90.623
625).

Several research reports were found about the hydrogeology of the Butte SwampPreserve
and the Burton Bench areas eiRhmuth (1981) and Nimick andt@rs (1983) investigated the
glacial and structural geology and hydrogeology of the PineeBartd McDonald Swamp areas
for The Nature Conservancy. Wylie (1991) furtihmrestigated the hydrogeology of the Durr
(Pine Butte)and McDonald Swamp3he Nature Conservancy (TNGhducted surface water
andgroundwater monitoring in the area around the Pine Baiand McDonald Swamps from
1991-1996.

Patton (1990) and Madison@24) of the Montana Bureau of Mines and Geol¢gy8MG)
completed two investigationef the geology and hydrogeology of the Burton Bemcid Teton
ValleyAquifers near ChoteauGeologic mapping efforts in the area have been completed both
by the Montana Bwrau of Mines and Geology and the USB&qg (2008)Berg and Vuke
(2002),Mudge and Others1083 andVukeand Otherg2002).

This is the first detailed investigation of the hydrology and water use characteristics of the
Teton River watershed.

13



Watershed Overview

Hydrology

The Hydrology of the Teton River is complex due to irrigation diversiorstrefm storage
and natural hydlogical phenomenaFor most discussions in this repohetriver isbisected
into two major geographicaareas the Upper and Lower Teton RiyéFigurel). The river is
further dividedinto aseries okubwatersheds and reachegigure5) to systematallyexplain
the characteristics othe river and tributary contributions

Headwaters Reach
The Headwaters éach of the Teton River includes the higher elevation and water producing

area upstream of the confluence of North and South Forks offtten River. The North and
South Forks of the Teton River are straight to meandemgrgvelchannels in narrow
floodplains bounded by bedrock mountaindo major diversions of water are present in this
reach.

Upper Teton Reach
The Teton River from theonfluence of the North and South Forks downstream to Springhill

(near Eureka Reservoir) is described as the UppamTReach. The river in thisach is a
meandering channel with a broad floodplain that has numerous historic side channels and
some braide sectionsThe largest tributary of the Teton in this stretch is McDonald Creek.

All of the largest diversiaonthe river are located in thissach including: Teton GOperative
Reservoir Company (Bynum), FarmersC@perative Canal Company, EldoradoOperative
Canal Company, Teton @perative Canal Company (Eureka), and numerous other private
diversions. Diversions in thisach are distributed by a water commissioner according to the
1905 Perry v. Beattie Decree.

Significant volumes of ater diverted from the Teton River in thigach arestored in Farmers
Reservoir, Eureka Reservoir, and Bynum Resemayeneralmost water diverted from this
reach isultimately distributedto crops on the Burton Bench located northeast of Choteau.

The Teto River flows year round from the headwaters to the Bynum diversion. The presence

and amount of water in the river below Bynum diversion to the confluence of McDonald Creek
varies throughout the year depending on water supply, diversion priority, and ddsia

14



Teton Watershed Stream Gages and Reaches

Teton River
at LomaMT

Loma
1]

0 5 10 20 Miles
| | L 1 | 1 1 ] |
Montana State Library

& DNRC Gage
& USGS Gage
= Teton Headwaters Reach
e |Jpper Teton River Reach

e Springhill Reach

| owrer Teton River Reach

Figure 5: Reachesand stream gagesf the Teton River and Tributaries.
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The Teton River from the confluence of the North and South Forks to the Bynum Diversion has
been documentedto losesignificant volume®f its flowto the shallow aquifem NC(1991-

1995) Nimick(1983 andWylie(1991). This epagefrom the Teton Riverecharges Teton

River alluvium and glacial outwash gravétsturn, groundwaterdischarges téocalwetlands

and to surface water of the Ten River McDonald Creeland to Willow CreeKT hroughout the
Upper Teton Reach, the river receives contributions from historical channels, springs and
groundwater.

Springhill Reach
TheTeton River fronSpringhill (near Eureka Reserydo the junction of Highway 88ndthe

Teton Canyon Road @escribed as the Springhill ReachheTeton Rivers known to lose
considerable amounts of watdinrough the Springhill &ch The rivelis commonly dry
(through afive mile stretch)with flows present in the upstream and downstream ends of the
reach The river channel through the Springhli®leéachs commonly braided and riparian
vegetation is sparse.

Gravels of the TetoWalley Aquifethave been documented tthickenand the depth to
groundwater increasen this areaPatton (1990).Seepage of surface water has been
documented to occur where the water table farther below tlaed surfacdatton (1990).Since
flows are commonly divertedroouted away from ths area, the water table @artificially low,
likely exacerbating losses along this stretch of the rilRparian vegetation isgarse in the
SpringhillReactdue todewatering andhe increased depth tgroundwater

TheSpringhillReachis alscknown as thed NB O K I NJE8ch teSdrilekhbwosses fronthe
Teton Rivedt NB O Kl NIEKSSa ¢ SAqufef. Grolndwat& fiom the Teton Valleyquifer
returns to the Teton River and Spring Credgiwvn-gradient

Groundwaterin this area alseeceives recharge frorteakyirrigation ditchesandreturn flow
from irrigated fields Nicklin(2009 provided observations and a groundwater model to
demonstrate that diversions to otream reservoirs reduce flows in the tde River directly as
well as indirectly by reducing recharge, storage, and retlowd from thevalleyaquifer.

Lower Teton River Reach
The Teton River from the junction of Highw&8/andthe Teton Canyon Road to Lorftae

mouth of the river) is descriltbkas the Lower Teton River Regdé2miles of river)

16



Downstream of the SpringhiReachsurfece water lost to the aquifer @gppears in the river
channel along with riparian vegetatiohe Teton River fronthe junction ofHwy89 and Teton
Canyon Road to thewy 287 Bridge southof Choteau is a gaining stredtatton (1990) DNRC

streamgaging efforts and observatio®s dzNIi K S NJ & dzLJLJ2 NIi  t Dowrisegr@a R 2 O d:

of Hwy 287, lhe river continues to gaigroundwaterfrom the thinningalluvium this ceases
nearthe Hwy221Bridge wherethe Coloradashale bedrock is exposaahd the alluvium ends

The channel form of the river changes from a latealleyfloodplain above Hy 221 to a fine
grained prairie channel that has den-cut into sedimentary rocksThe presencef shale
bedrock at the HWwy221 Bridge marks this transition.

Tributaries to thisReachinclude Spring, Dep, and Muddy Creekand Gamble and Spring
CouleegFigure 5)Spring andDeep Creek enterthe TetonRiverbelowthe Cityof Choteau.
Deep @eek is animportant tributary to the Lower River becaiisgn contribute significant
flows during runoff and springtime precipitati events and therebgonnects the Lower River
to the mountains. Howevewuring thesummer water demands in the Deep Creek drainage
exceed supply during most years.

Infiltration of precipitation and excess irrigation water on the Burton Bench recharges
groundwater, and ultimately feeds tributaries of the Lower Teton River including Muddy Creek,
and Gamble and Spring Coulees. Muddy Creek enters the Teton River néawthef Dutton.
Contributions from Muddy Creekreminimal due to upstreanirrigation demands.

The Teton River flows year round from Choteau to BootleBgelge Demands duringhe
irrigation season cadry up theLower River in August and Septembédrom its mouth upstream
as far as thereaabove Buok Bridge.

Water Management

Water management and water use on thetdre River has been contentiodsr over a century
A divisive feature of the Teton Rivetthe losingSpringhilReacHocated above Choteawhere
surface water seeps through the streambed to the shallow aquiféfater uses have long
known about this Isingreachand to stretch limitedesources The SpringhilReachs
bypassedy a series of ditcheBatemarBurd) to deliver water to the most senior water user
in the Perry vBeattie decredlocated nealChoteau) ThelosingSpringhilReachasbecomea
dividing point where theiver is manageés two separate systenis K Spperw A Oahdklie
a[ 2 6 S NJFiguke?.S NE
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Upper River
Demands on the pper Teton River argearround (Figure6). Typically water is diverted to

meet irrigationdemands from Aprito October and for storage during the rest of the year.
Junior decreed users are typically shutfofim direct flowby early Julywith only the most
senior right holdergliverting waterfrom the riverinto August and SeptembeDemands above
the Springhill Reach use all of the water resourcesiost water years from March to
November.

Flowsin the Teton Rivebelow the Bynundiversion are minimal duringinter months as the
majority of watr is diverted to offstreamstorage. The presence of water between the Bynum
diversion and McDonald Creek during the irrigation season is dependent on watdy sungp
diversionary needs. hE Teton Rivertannel béow the EldoradaCanaldiversionis comnonly

dry for most of the summer months.

Flows from McDonald Ce& enter the Teton River below most major diversions (Bynum,
Farmers, Eldorado, and numerous priva@gpending on the time of yeahé Teton River
channelis typically dnjbetween the Bynunor Eldoradodiversionsand McDonald Creek
Howeverinflows fram the creekonly sustainsurfaceflow in the river channel to the Springhill
Reach

Figure 6: Conceptual model of water management in the Upp&onRiver.
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